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(54) A system for controlling an electrosurgical generator having an impedance based control 
algorithm 



(57) A system for performing an electrosurgical pro- 
cedure at a surgical site is disclosed. The system includes 
a sensor configured to continually sense an electrical 
and/or a physical property of tissue at a surgical site and 
to generate a sensor signal as a function thereof. The 
system also includes a control module configured to proc- 
ess the sensor signal using a processor, an algorithm, 
and a map having one or more predetermined values. 



The control module is further configured to compare the 
sensor signal to a predetermined level to determine re- 
liability of the sensor signal and to signal an electrosur- 
gical generator in response to a reliable sensor signal 
such that the electrosurgical generator enters energy 
control mode, wherein the electrosurgical generator 
matches an output of the control signal with a predeter- 
mined value from the map. 
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Description 

Priority Claim 

[0001] This application claims priority to a U.S. Provi- 
sional Application Serial No. 60/761 ,498 entitled "A Meth- 
od and System For Controlling An Output of a RadioF- 
requency Medical Generator Having an Impedance 
Based Control Algorithm" filed by Craig Weinberg et al. 
on January 24, 2006. The entire contents of which is in- 
corporated by reference herein. 

BACKGROUND 

[0002] The present disclosure is directed to electrosur- 
gery and, in particular, to a control system for an electro- 
surgical generator. The control system has a control al- 
gorithm that continually adjusts for changes in initial tis- 
sue conditions to enhance tissue fusion. 

Technical Field 

[0003] Electrosurgical generators are employed by 
surgeons in conjunction with an electrosurgical instru- 
ment to cut, coagulate, desiccate and/or seal patient tis- 
sue. High frequency electrical energy, e.g., radio fre- 
quency (RF) energy, is produced by the electrosurgical 
generator and applied to the tissue by an electrosurgical 
tool. Both monopolar and bipolar configurations are com- 
monly used during electrosurgical procedures. 
[0004] Electrosurgical techniques and instruments 
can be used to coagulate small diameter blood vessels 
or to seal large diameter vessels or tissue, e.g., veins 
and/or soft tissue structures, such as lung, brain and in- 
testine. A surgeon can cauterize, coagulate/desiccate 
and/or simply reduce or slow bleeding, by controlling the 
intensity, frequency and duration of the electrosurgical 
energy applied between the electrodes and through the 
tissue. For the purposes herein, the term "cauterization" 
is defined as the use of heat to destroy tissue (also called 
"diathermy" or "electro-diathermy"). The term "coagula- 
tion" is defined as a process of desiccating tissue wherein 
the tissue cells are ruptured and dried. 
[0005] "Vessel sealing" or "tissue fusion" is defined as 
the process of liquefying the collagen and elastin in the 
tissue so that it reforms into a fused mass with signifi- 
cantly-reduced demarcation between the opposing tis- 
sue structures (opposing walls of the lumen). Coagula- 
tion of small vessels is usually sufficient to permanently 
close them while larger vessels or tissue need to be 
sealed to assure permanent closure. It has been known 
that different waveforms of electrosurgical energy are 
suited for different surgical affects, e.g., cutting, coagu- 
lation, sealing, blend, etc. For example, the "cutting" 
mode typically entails generating an uninterrupted sinu- 
soidal waveform in the frequency range of 100 kHz to 4 
MHz with a crest factor in the range of 1.4 to 2.0. The 
"blend" mode typically entails generating an uninterrupt- 



ed cut waveform with a duty cycle in the range of 25% 
to 75% and a crest factor in the range of 2.0 to 5.0. The 
"coagulate" mode typically entails generating an uninter- 
rupted waveform with a duty cycle of approximately 1 0% 

5 or less and a crest factor in the range of 5.0 to 12.0. In 
order to effectively and consistently seal vessels or tis- 
sue, a pulse-like waveform is desired. 
[0006] In order to optimize sealing or tissue fusion with- 
out causing unwanted charring of tissue at the surgical 

10 site or possibly causing collateral damage to adjacent 
tissue, e.g., thermal spread, it is necessary to control the 
output from the electrosurgical generator, e.g., power, 
waveform, voltage, current, pulse rate, etc. 
[0007] It is known that measuring the electrical imped- 

15 ance and change thereof across the tissue at the surgical 
site provides a good indication of the state of desiccation 
or drying of the tissue during the tissue fusion or vessel 
sealing process. It has been observed that as the tissue 
dries or loses moisture, the impedance across the tissue 

20 rises. This observation has been utilized in some elec- 
trosurgical generators to regulate the electrosurgical 
power based on a measurement of tissue impedance. 
For example, commonly owned U.S. Patent No. 
6,210,403 relates to a system and method for automat- 

25 ically measuring the tissue impedance and altering the 
output of the electrosurgical generator. The alteration is 
based on the measured impedance across the tissue. 
The content of this patent is hereby incorporated by ref- 
erence in its entirety. 

30 [0008] The supply of energy may also be controlled 
such that it is supplied in a continuous fashion to seal 
vessels tissue wherein the input/output is responsive to 
tissue hydration/volume through feedback control. Deliv- 
ery of the electrosurgical energy in pulses allows the tis- 

35 sue to cool between pulses. The pulses also allow some 
moisture to return to the tissue between pulses which is 
known to enhance the sealing process. 
[0009] It is further known to clamp or clip excess volt- 
age output from the electrosurgical generator by the use 

40 of avalanche devices, such as diodes, zener diodes and 
other devices, resulting in absorption and dissipation of 
excess energy in the form of heat. 
[0010] Commonly owned U.S. Pat. No. 6,398,779 dis- 
closes a sensor which measures the initial tissue imped- 
es ance with a calibrating pulse which, in turn, sets various 
electrical parameters based on a look-up table stored in 
a computer database. The transient pulse width associ- 
ated with each pulse measured during activation is used 
to set the duty cycle and amplitude of the next pulse. 

50 Generation of electrosurgical power is automatically ter- 
minated based on a predetermined value of the tissue 
impedance across the tissue. 

[0011] One significant aspect of such prior art electro- 
surgical generators is that often such generators use soft- 
55 ware which provides for an initial reading of one or more 
parameters of the tissue. However, such an initial tissue 
reading may be a so called "false" reading depending on 
the initial positioning or disposition of the electrode. The 
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false reading may be input into the control algorithm of 
the electrosurgical generator which compensates for the 
false reading. It would be advantageous to provide a con- 
trol for an electrosurgical generator which both disre- 
gards such initial, not reliable, readings where the tissue 
does not react and distinguishes a "false" reading from 
a "true" reliable reading. 

[0012] Thus, a need exists to develop an electrosurgi- 
cal generator which includes improved control circuitry 
for processing an impedance of the tissue over time and 
for providing continuous control of various electrical pa- 
rameters (e.g., pulse frequency and intensity, voltage, 
current, power) of the electrosurgical generator based 
upon continually sensed information from the surgical 
site. In addition, a need exists to develop control circuitry 
which is designed to disregard initial readings sensed 
from the surgical site where no reaction with the tissue 
occurs. 

SUMMARY 

[0013] It is an object of the present disclosure to pro- 
vide a system having a control module and a sensor that 
determines and continually monitors whether a tissue re- 
acts to an electrode by sensing and recording a change 
in impedance over time. 

[0014] It is an object of the present disclosure to pro- 
vide for a system having a control module and a sensor 
that determines whether a tissue reacts to an electrode 
by sensing a change in the impedance per unit time and, 
in response to a determination that the tissue has react- 
ed, the control module enters into an energy control 
mode. 

[001 5] It is another object of the present disclosure to 
provide for a system having a control module and a sen- 
sor that monitors a parameter and in response to the 
parameter provides a predetermined amount of current 
per unit time in order to prevent a rapid and uneven va- 
porization of liquid and fluid in the tissue with the prede- 
termined amount of current per unit time being comple- 
mentary to the monitored parameter. 
[0016] It is still another object of the present disclosure 
to provide for a system that has a control module with a 
sensor that monitors a change in an impedance per unit 
time to determine a stability of a tissue reaction with an 
electrode. 

[001 7] It is yet another object of the present disclosure 
to provide for a system having a control module and a 
sensor that monitors a parameter and stores the param- 
eter in a memory over time and in response to the stored 
parameter provides a predetermined amount of current 
per unit time to prevent a rapid and uneven vaporization 
of liquid and fluid in the tissue with the predetermined 
amount of current per unit time being complementary to 
a measurement from the stored parameter. 
[0018] According to a first aspect of the present dis- 
closure, a system for performing an electrosurgical pro- 
cedure at a surgical site is disclosed. The system includes 



a sensor configured to continually sense an electrical 
and/or a physical property of tissue at a surgical site and 
to generate a sensor signal as a function thereof. The 
system also includes a control module configured to proc- 

5 ess the sensor signal using a processor, an algorithm, 
and a map having one or more predetermined values. 
The control module is further configured to compare the 
sensor signal to a predetermined level to determine re- 
liability of the sensor signal and to signal an electrosur- 

10 gical generator in response to a reliable sensor signal 
such that the electrosurgical generator enters energy 
control mode, wherein the electrosurgical generator 
matches an output of the control signal with a predeter- 
mined value from the map. 

15 [001 9] A method for performing an electrosurgical pro- 
cedure at a surgical site is also contemplated by the 
present disclosure. The method includes the steps of 
continually sensing electrical and physical properties of 
the surgical site and generating a sensor signal as a func- 

20 tion thereof and processing the sensor signal using a 
processor, an algorithm, and a map having one or more 
values to verify a reactance of tissue at the surgical site. 
The method also includes the step of entering an energy 
control mode, wherein the electrosurgical generator 

25 matches an output of the control signal with a value from 
the map, based on the determination of the reactance of 
tissue in the processing step. 

[0020] According to another aspect of the present dis- 
closure, a system for performing an electrosurgical pro- 
30 cedure at a surgical site is disclosed. The system includes 
a sensor configured to continually sense an electrical 
and/or physical property of the surgical site and to gen- 
erate a sensor signal as a function thereof. The system 
also includes a control module configured to process the 
35 sensor signal using a processor, an algorithm, and a map 
having one or more values. The control module is further 
configured to verify tissue reactance and to signal an 
electrosurgical generator based on the verification of tis- 
sue reactance such that the electrosurgical generator en- 
40 ters energy control mode. The electrosurgical generator 
matches an output of the control signal with a value from 
the map, wherein the control module is configured to re- 
calculate the map when tissue impedance increases 
above a predetermined threshold and to signal the elec- 
ts trosurgical generator to renter energy control mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Various embodiments will be described herein 
so below with reference to the drawings wherein: 



FIG. 1 is a schematic diagram of a control system 
for use with an electrosurgical generator according 
to the present disclosure; 

FIG. 2 is a schematic diagram of a sensor module 
for use with the control system of FIG. 1 ; 
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FIG. 3 is a flowchart illustrating a method of operation 
of the control system according to one aspect of the 
present disclosure; 

FIG. 4 is another flowchart illustrating a method of 
operation of the control system according to the 
present disclosure; 

FIG. 5 is another flowchart illustrating an initial meth- 
od of operation of the control system according to 
another aspect of the present disclosure; 

FIG. 6 is a flowchart illustrating a method of operation 
of the control system with an energy control mode 
according to another aspect of the present disclo- 
sure; and 

FIG. 7 is a diagram of a control system in accordance 
with yet another aspect of embodiment of the disclo- 
sure. 

DETAILED DESCRIPTION 

[0022] Reference should be made to the drawings 
where like reference numerals refer to similar elements 
throughout the various figures. 

[0023] Referring to FIG. 1 , there is shown a schematic 
diagram of one embodiment of the presently disclosed 
closed loop control system 10 for use with an electrosur- 
gical generator 12. Control system 10 includes a control 
module 1 4, user interface 1 6 and sensor module 1 8. The 
control module 14 is operatively connected to the elec- 
trosurgical generator 12. 

[0024] The control module 14 includes program in- 
structions to detect a specified increase in a parameter 
at an initial time of operation to determine whether a re- 
action of the tissue has occurred. If no tissue reaction 
occurs, the control module 1 4 compensates and prevents 
initial data from entering a control algorithm. This initial 
data is considered to be unreliable. The parameter may 
be any parameter capable of being measured by the sen- 
sor module 18 of operation or calculated from data pro- 
vided by the sensor module by the control module 14. In 
one embodiment, the parameter is a change in tissue 
impedance over time. 

[0025] If a tissue reaction occurs and is detected, this 
data is considered to be reliable and the control module 
14 enters an energy control mode. The energy control 
mode regulates electrosurgical generator 12 to output 
RF energy that matches a monitored tissue impedance 
parameter with a preset slope trajectory. The preset 
slope trajectory may be derived from a number of stored 
parameters or alternatively may be derived from a de- 
sired output or a desired effect. The preset slope trajec- 
tory is from a stored value in a map or memory and is 
intended to output RF energy to produce an optimal tis- 
sue seal. The stored values may be obtained by access- 
ing a stored mapping of continuous values or alternatively 



a table or equivalent. 

[0026] The electrosurgical generator 1 2 includes elec- 
trosurgical energy output stage 20 and a power supply 
22. The electrosurgical output stage 20 receives power 

5 from the power supply 22 and delivers RF energy to a 
patient 24 via at least one electrode (not explicitly shown). 
As can be appreciated, one or more electrodes may be 
used with the electrosurgical instrument for performing 
monopolar or bipolar surgery. 

10 [0027] The sensor module 18 senses various electrical 
and physical parameters or properties at the operating 
site and communicates with the control module 14. In 
response, the control module 14 regulates the electro- 
surgical output from the output stage 20. The sensor 

15 module 1 8 may be configured to measure or "sense" one 
or more various electrical or electromechanical condi- 
tions at the operating site, including but not limited to, 
tissue impedance, changes in tissue impedance, tissue 
temperature, changes in tissue temperature, leakage 

20 current, applied voltage and applied current, and other 
parameters. 

[0028] The sensor module 1 8 is configured to measure 
one or more of these conditions continuously or in "real 
time". The sensor module 18 measures the conditions 

25 such that the control module 1 4 can continually modulate 
the electrosurgical output according to a specific purpose 
or desired surgical intent. More particularly, analog sig- 
nals provided by the sensor module 18 are converted to 
digital signals via an analog-to-digital converter (ADC) 

30 26. The digital signals are then provided to the control 
module 14. 

[0029] The control module 14, thereafter, regulates the 
power supply 22 and/or the electrosurgical output stage 
20 according to the information obtained from the sensor 

35 module 18. 

[0030] The user interface 16 is electrically connected 
to the control module 14 to allow the user to control var- 
ious parameters of the electrosurgical energy output to 
the patient 24 during surgery to manually set, regulate 

40 and/or control one or more electrical parameters of the 
delivered RF energy. Such parameters may include but 
are not limited to voltage, current, power, frequency, am- 
plified, and/or pulse parameters such as a pulse width, 
a duty cycle, a crest factor, and/or a repetition rate de- 

^5 pending upon a particular purpose or to change surgical 
intent. 

[0031] The control module 1 4 includes at least one mi- 
croprocessor capable of executing software instructions 
for processing data received by the user interface 1 6 and 

50 the sensor module 18. The control module 14 outputs 
control signals to the electrosurgical output stage 20 
and/or the power supply 22, accordingly. The software 
instructions (executable by the control module) are 
stored in an internal memory in the control module 14, 

55 an internal or external memory bank accessible by the 
control module and/or an external memory, e.g., an ex- 
ternal hard drive, floppy diskette, CD-ROM, etc. or any 
other recordable medium. Control signals from the con- 
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trol module 14 to the electrosurgical generator 12 may 
be converted to analog signals by a digitai-to-analog con- 
verter 28. 

[0032] The power supply 22 is a high voltage DC power 
supply for producing electrosurgical current, e.g., radiof- 5 
requency (RF) current. Signals received from the control 
module 14 control the magnitude of the voltage and cur- 
rent output by the DC power supply. The electrosurgical 
output stage 20 receives the output current from the DC 
power supply and generates one or more pulses or a 
continuous sinusoidal waveform via a waveform gener- 
ator (not explicitly shown). 

[0033] The pulse parameters, such as pulse width, du- 
ty cycle, crest factor and repetition rate are regulated in 
response to the signals received from the control module 
14. Alternatively, the power supply 22 may be an AC 
power supply, and the electrosurgical output stage 20 
may vary the waveform of the signal received from power 
supply 22 to achieve a desired waveform. 
[0034] The user interface 1 6 may be local to, adjacent 
to, or remote from the control module 14. A user may 
enter data such as the type of electrosurgical instrument 
being used, the type of electrosurgical procedure to be 
performed, and/or the tissue type upon which the elec- 
trosurgical procedure is being performed. The generator 
12 may also be configured to recognize one or more pa- 
rameters automatically, e.g., based on the type of the 
electrosurgical instrument being used. 
[0035] The closed loop control system 1 0, in particular 
the sensor module 18, may include one or more smart 
sensors. The sensors provide feedback to the surgeon 
relating to one or more of these physical parameters. 
Furthermore, the user may enter commands, such as a 
target effective voltage, current or power level to be main- 
tained, or a target response, e.g., change in regulation 
of the power supply 22 and/or electrosurgical output 
stage 20, to changes in sensed values, such as an ef- 
fective change in voltage, current and/or power level as 
a function of the changes. The user may also enter com- 
mands for controlling electrical parameters of the RF en- 
ergy, delivered by the electrosurgical generator 12, as 
described above. A default value is provided for the 
above target levels and target responses. 
[0036] The sensor module 18 includes a number of 
sensors (not explicitly shown) strategically located for 
sensing various properties or conditions at or proximate 
points "A" and "B" as shown in FIG. 1 . Sensors positioned 
at or proximate point "A" (hereinafter referred to as at 
point "A") sense one or more properties and/or parame- 
ters of electrosurgical output from electrosurgical output 
stage 20, and/or properties, parameters or conditions pri- 
or to surgical effect of the currently administered electro- 
surgical energy during the surgical procedure. Sensors 
positioned at point "A" may be provided with or attached 
proximate the generator 12. 

[0037] Sensors (not explicitly shown) positioned at or 
proximate point M B" (hereinafter referred to as at point 
"B") sense one or more parameters, properties and/or 



conditions at or across the operating site prior to the sur- 
gical procedure and/or in response to surgical effect dur- 
ing the surgical procedure and these sensors may be 
included with the electrosurgical instrument (e.g., on one 
end or opposing end effectors) or attached proximate the 
operating site. In one embodiment, optical sensors, prox- 
imity sensors, temperature sensors may be used to de- 
tect certain tissue characteristics, and electrical sensors 
may be employed to sense other parameters of the tissue 
or operating effects. Point "A" may be proximate the sur- 
gical site "B" at a location where the signals outputted by 
the generator 12 are propagated before they are applied 
or approximately when they are applied to the surgical 
site "B". 

[0038] The sensors are provided with leads or possibly 
a suitable wireless device for transmitting information to 
the control module 14. The information may be provided 
directly to the control module and/or provided to the con- 
trol module via the sensor module 18 and/or the analog 
to digital converter 26. The sensor module 18 may also 
have a device for receiving information from multiple sen- 
sors. The sensor module 18 may provide the information 
and the source of the information (e.g. , the particular sen- 
sor providing the information) to the control module 14. 
[0039] Referring now to Fig. 2, there is shown a block 
diagram of the sensor module 18. The sensor module 18 
has a real-time voltage sensing system 30 and a real- 
time current sensing system 32 for sensing real-time val- 
ues for applied voltage and current at the surgical site 
"B'\ The sensor module 18 also has a real-time voltage 
sensing system 34 and a real-time current sensing sys- 
tem 36 for sensing real-time values of signals returned 
from the patient at a point "A". 

[0040] The sensor module 1 8 further has an RMS volt- 
age sensing system 38 and an RMS current sensing sys- 
tem 40 are also included for sensing and deriving RMS 
values for applied voltage and current at the surgical site 
"B". An RMS voltage sensing system 42 and an RMS 
current sensing system 44 are included for sensing and 
deriving RMS values of signals at point "A". The sensor 
module 18 also has a temperature sensing system 46. 
The temperature sensing system 46 is included for sens- 
ing tissue temperature at the surgical site "B". 
[0041] Real-time and RMS current and voltage sens- 
ing systems are known in the art. The sensor module 110 
may further include other sensors (not explicitly shown) 
for sensing voltage and current output by the generator. 
[0042] The measured or sensed values are further 
processed, either by circuitry and/or a processor (not ex- 
plicitly shown) in the sensor module 18 and/or by the 
control module 14, for deriving changes in sensed values 
and tissue impedance at the surgical site "B". 
[0043] Tissue impedance and changes in tissue im- 
pedance may be determined in one embodiment by 
measuring the voltage and/or current across the tissue 
and/or calculating changes thereof over time, and com- 
paring the voltage and current values to known and/or 
desired values associated with various tissue types for 
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use by the control system 10 to drive electrical output to 
achieve desired impedance and/or change in impedance 
values. 

[0044] As can be appreciated, these known and/or de- 
sired values, tissue types and ranges may be stored in 
an internal look-up table, "a continuous value map" or in 
an external searchable memory. Commonly owned U.S. 
Patent No. 6,398,779, U.S. Pat. No. 6,203,541 , U.S. Pat. 
No. 5,827,271 and U.S. patent application Serial No 
10,073,761 disclose methods for measuring tissue im- 
pedance, and are all incorporated by reference herein in 
their entirety. 

[0045] By deriving tissue impedance (or other physical 
and electrical parameters) from real-time value(s) pro- 
vides the benefit of monitoring real-time tissue imped- 
ance and/or changes in tissue impedance. As the surgi- 
cal procedure proceeds, it is believed that the tissue im- 
pedance fluctuates in response to removal and restora- 
tion of liquids from the tissue at the surgical site "B". As 
the control module 1 4 monitors the tissue impedance and 
changes in tissue impedance (or other physical and elec- 
trical parameters) the control module regulates the power 
supply 22 and electrosurgical output stage 20 according- 
ly for achieving the desired and optimal electrosurgical 
effect. Such a system is described in United States Pub- 
lished Patent Application Number US 2004/0015163 A1 
to Buysse, et al. which is herein incorporated by reference 
in its entirety. 

[0046] Before beginning an electrosurgical procedure, 
an operator of the electrosurgical instrument enters in- 
formation via the user interface 16. Information entered 
includes, for example, the type of electrosurgical instru- 
ment being used, the type of procedure being performed 
(i.e., desired surgical effect), the type of tissue, relevant 
patient information, and a control mode setting. The con- 
trol mode setting determines the amount of or type of 
control that the control module 14 will provide. The one 
or more sensors (not explicitly shown) may also be in- 
cluded to automatically provide information to the control 
module 14 relating to tissue type, initial tissue thickness, 
initial tissue impedance, etc. 

[0047] The modes include, but are not limited to, one 
or a combination of one or more of the following modes: 
a first mode, a second mode, a third mode or any number 
of modes. The first mode is defined as the stage when 
the control module 14 maintains a steady selected output 
power, current and/or voltage value at site "A". 
[0048] The second mode is defined as the stage when 
the control module 14 maintains a steady selected output 
power, current and/or voltage value at site "B". The third 
mode is defined as the stage when the control module 
14 maintains a variable selected output power, current 
and/or voltage values at site "A" which is dependent upon 
(i.e., a function of) time value(s) and/or sensed parameter 
(s) or changes in sensed parameter(s) during the proce- 
dure. The fourth mode is defined as the stage when the 
control module 14 maintains a variable selected output 
power, current and/or voltage values at site "B", which is 



dependent upon (i.e., a function of) time value(s) and/or 
sensed parameter(s) or changes in sensed parameter(s) 
during the procedure. 

[0049] Functions performed on the time value(s) and 
5 sensed properties(s) include operations such as calcu- 
lations and/or look-up operations using a table or map 
stored by or accessible by the control module 14. The 
control module 14 processes the selected output power, 
current and voltage values, such as by performing cal- 
10 culations or table look up operations from a database, to 
determine power control signal values and output control 
values. 

[0050] The control module 1 4 determines an initial set- 
ting for control signals to the power supply 22 and the 
15 output stage 20 by using and/or processing operator-en- 
tered data or settings, performing calculations and/or ac- 
cessing a look-up table stored by or accessible by the 
control module 14. 

[0051] Once the electrosurgical procedure begins, the 
20 sensors 30 through 46 of sensor module 18 sense vari- 
ous physical and electrical properties and provide feed- 
back to the control module 14 through the converter 26. 
The control module 14 processes the feedback informa- 
tion in accordance with the pre selected mode, as well 
25 as any additional operator-entered commands entered 
during the procedure. The control module 14 then sends 
control information to the power supply 22 and the output 
stage 20. The electrosurgical generator 12 may be pro- 
vided with override controls, to allow the operator to over- 
30 ride the control signals provided by the control module 
14, if needed, e.g., by entering override commands via 
the user interface 16 or at any other suitable location. 
[0052] The electrical impedance and change thereof 
across the tissue at the surgical site indicated on Fig. 1 
35 as reference letter "B" provides a favorable indication of 
the state of desiccation or drying of the tissue. As the 
tissue dries or looses moisture, the impedance across 
the tissue rises. This observation has been used in some 
electrosurgical generators to regulate the electrosurgical 
40 power based on a measurement of tissue impedance. 
For example, commonly owned U.S. Pat. No. 6,210,403 
which is herein incorporated by reference relates to a 
system and method for automatically measuring the tis- 
sue impedance and altering the output of the electrosur- 
f5 gical generator based on the measured impedance 
across the tissue. 

[0053] As the impedance of the tissue changes the cur- 
rent changes inversely proportionally if the voltage re- 
mains constant. This is basically defined by Ohm's law 
50 wherein, V=IR wherein V is the voltage, I is the current, 
and I is the current along the electrode in milliamps. When 
the tissue impedance increases, the current will de- 
crease. If the tissue impedance decreases, the current 
will increase. Increases/decreases in the current may be 
55 detector by the sensor module 18. 

[0054] Referring now to Fig. 3, there is shown a general 
basic block diagram of a software algorithm that is exe- 
cuted by the control module 14. The control module 14 
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controls one of or both of the power supply 22 and/or the 
electrosurgical output stage 20 and at step 48, the control 
module 14 controls the power supply and/or the electro- 
surgical output stage to emit a low power initial pulse of 
RF energy. The pulse is used to sense at least one elec- 
trical characteristic of the tissue. 
[0055] Next, the sensor module 1 8 communicates the 
data to the converter 26 and the converter communicates 
a digital signal to the control module 14. The control mod- 
ule 14 measures tissue impedance or another electrical 
characteristic shown as step 50. Thereafter, the control 
module 14 uses the sensed electrical characteristic of 
the tissue as an input into the determination of the initial 
radio frequency parameters shown as step 52. At step 

54, the control module 14 may vary the output power 
parameters based in part on the current transient or in 
this instance using the impedance, as described in com- 
monly-owned U.S. Patent No. 6,398,779, the contents 
of which are hereby incorporated by reference in its en- 
tirety. 

[0056] Referring now also to the logic flow diagram of 
FIG. 4, the impedance sensing feature is implemented 
at the beginning of a cycle, for example, a vessel seal 
cycle or another surgical cycle. One skilled in the art 
should appreciate that the cycle may be any electrosur- 
gical surgical operation known in the art. The electrosur- 
gical generator 1 0 senses at least one electrical charac- 
teristic of the tissue, for example, impedance, l-V phase 
rotation, or the output current, by using a short burst of 
RF energy shown as step 55. The electrical characteristic 
of the tissue such as the tissue impedance may be meas- 
ured at any frequency or power level, but is performed 
at the same frequency as the intended working frequency 
(e.g. , 470 kHz). A short burst of RF energy from the elec- 
trosurgical output stage 20 (less than about 200 millisec- 
onds, and about 1 00 milliseconds) is a 470 kHz sine wave 
with approximately 5W of power. However, one skilled 
in the art should appreciate that other configurations are 
also possible. 

[0057] The initial pulse RF power is made low at step 

55, and the pulse time is made as short as possible, to 
enable an initial tissue electrical characteristic measure- 
ment to be made such as the tissue impedance without 
excessively heating the tissue at step 56. Next, the con- 
trol module 14 using the tissue impedance or another 
electrical characteristic determines the initial set of output 
power parameters shown as step 58. Some of the values 
that are obtained include power, maximum voltage, start- 
ing voltage, minimum voltage, voltage decay, voltage 
ramp, maximum RF on time, maximum cool scale factor, 
pulse minimum, pulse dwell time, pulse off time, and the 
pulse desired width. 

[0058] The control module 14 then modifies the initial 
set of parameters per seal intensity control input shown 
as step 60 and applies a subsequent RF energy pulse 
shown as step 62 and a measure of the current transient 
pulse width is made at step 64. 

[0059] A determination is made at step 66 by the con- 



trol module 14. The determination is whether there is a 
current transient is present or whether there is a short 
lived oscillation between the first pulse and a successive 
pulse caused by one or more parameters such as the 
5 tissue impedance, change in voltage or current load. If 
there is a current transient present, the control is passed 
to step 68 as indicated by the broken line in Fig. 4. If there 
is not a current transient present, the control is passed 
to step 78 as shown by the broken line in Fig. 4. 
w [0060] At step 68, a determination is made as to wheth- 
er the pulse of the current transient is sufficiently wide. 
If the pulse is sufficiently wide or in the range of 500 to 
1000 ms, then the control module 14 assumes a pres- 
ence of a large amount of tissue, or that the selected 
is tissue requires more RF energy to desiccate. If sufficient- 
ly wide, the control passes to step 70. If not sufficiently 
wide, the control passes to step 72. 
[0061] At step 70, the dwell time is increased and a 
reduction of amplitude is made of the next RF pulse. If 
20 the pulse of the current transient is not sufficiently wide 
or is narrow, for example about 250 ms or less, then the 
control module 14 can assume a small amount of tissue, 
or a tissue type that requires little RF energy is present. 
The dwell time may be shortened and a reduction in the 
25 amplitude of the delay time of the next RF pulse can be 
made at step 72. 

[0062] A decision is made at step 74 as to whether the 
amplitude of the signal is less than the ending amplitude. 
If the determination at step 74 is affirmative then the con- 
30 trol module 14 stops the signal being emitted from the 
electrosurgical output stage 20 at step 76. The signal is 
terminated because the operation is complete and the 
tissue has been sealed. 

[0063] If the decision at step 74 is at the negative, con- 
35 trol passes to step 62 and the subsequent RF energy 
pulse is applied. If the electrical transient is not present 
at the determination block 66 then control passes to step 
78. At step 78, given a negative output from the determi- 
nation block at step 66, the tissue has either not yet begun 
4 0 to desiccate, a short in the system has occurred, or the 
seal cycle is complete. At step 78, if the impedance is 
less than a low impedance value, the control module 14 
will assume that a shorted electrode or instrument has 
occurred at step 80 and terminate operation thereof. 
45 [0064] At step 78 if the low impedance threshold has 
not occurred, then control passes to decision block 82. 
At decision block 82, if the measured impedance is great- 
er than a predetermined high impedance threshold value, 
then the control passes to step 84. At step 84, control 
50 module 14 assumes that the tissue seal has been 
achieved and will terminate operation. 
[0065] At decision block 82, if the measured imped- 
ance is not greater than a predetermined high impedance 
threshold value, the control passes to step 86. 
55 [0066] At step 86, if the tissue impedance is found to 
be between the low impedance and the high impedance 
values, then control passes to a determination of whether 
a maximum amount of RF time has been exceeded. If 
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this decision at step 86 is in the affirmative, the control 
module 14 assumes that the seal has not been made for 
a reason. Control will pass to step 88 and the operation 
is terminated for reason that the tissue seal has been 
assumed to be unsuccessful. Alternatively, if the maxi- 
mum amount of time is not exceeded then the controller 
assumes that the tissue has not yet received enough RF 
energy to start desiccation. If the maximum amount of 
time is not exceeded, control passes to step 62 as indi- 
cated by a dotted line for further operation. 
[0067] The initial conditions of the tissue seal or the 
initial conditions of touching the applicator with the elec- 
trode and applying the RF energy to the tissue are sig- 
nificant. Generally existing generators at step 58 of Fig. 
4 will operate as follows: if the starting range was in a 
lower or low range, the initial power is made lower. Also, 
generally, if the sensed impedance was high or in a higher 
range, the initial power and starting voltage is made high- 
er. The initial parameters may be obtained by the control 
module 14 shown in Fig. 1 by viewing a parameter lookup 
table. However, for an optimal tissue seal to occur, it is 
desirable to modulate and control the vaporization rate 
of fluids in the tissue. If the fluid in the tissue is heated in 
an uneven manner or in a manner that is too rapid, the 
fluid or liquid in the tissue will rapidly heat per unit time 
by the RF energy to expand and quickly traverse out of 
the tissue. 

[0068] This "pop" or fluid rapidly escaping the tissue 
per unit time is disfavored for an optimal tissue seal con- 
dition. Thus, it is desirable to identify the initial point of 
fluid vaporization by the RF energy to modulate and de- 
crease the amount of RF energy from either the electro- 
surgical output stage 20 or the power supply 22 to prevent 
such a rapid fluid vaporization for an ideal tissue seal and 
for a more productive initial operation of the electrosur- 
gical generator 12, particularly at step 55 through 58 of 
Fig. 4. 

[0069] Referring now to Fig. 5, the control module 14 
further has a software algorithm to control either the pow- 
er supply 22 and/or the electrosurgical output stage 20 
in response to an initial tissue impedance reading or re- 
action. The software algorithm of Fig. 5 determines, by 
sensing one or more parameters, whether a tissue reac- 
tance occurs. When the electrode or applicator is placed 
on the tissue at the surgical site "B" (shown on Fig. 1), 
and RF energy is pulsed from the applicator, an initial 
reading is taken and a property or parameter such as 
tissue impedance is sensed by the sensor module 18 at 
step 90. One skilled in the art should appreciate that var- 
ious parameters can be sensed by the sensor module 
18 such as a control variable, an energy, a temperature, 
a current, or other previously mentioned parameters that 
are all within the scope of the present disclosure. 
[0070] Control is passed to a decision block 92. At the 
decision block 92, a determination is made. The deter- 
mination is as to whether the initial reading has a param- 
eter such as an impedance that rises or falls above some 
predetermined threshold. If the initial reading has an im- 



pedance value that is above, or below a predetermined 
threshold then the reading is disregarded. The "false" 
tissue impedance reading thus is not allowed to cycle 
through the algorithm of the control module 14. Instead, 

5 the control is passed to step 94 to disregard the initial 
reading and then return to step 90 to continue sensing 
the impedance at surgical site "B" to allow for tissue im- 
pedance readings to cycle through the algorithm of the 
control module but only after a tissue reactance is deter- 

w mined. 

[0071] Referring again to Fig. 5, there is shown the 
logic flow diagram of an initial cycle. The initial impedance 
reading of step 90 is output to decision block 92. At de- 
cision block 92, if the sensed impedance value is a pre- 
15 determined amount above the maximum impedance val- 
ue that is a preset maximum impedance value threshold, 
a decision is made at step 92. If the decision is in the 
affirmative, then the tissue impedance reading is disre- 
garded at step 94. Thereafter, the cycle is continued with 
the RF energy being regulated at the electrosurgical 
stage output 20 and being output at a low power initial 
pulse of RF energy level. 

[0072] If the decision is in the negative at step 92, con- 
trol is passed to decision block 96. At decision block 96, 
if the sensed impedance value is an amount that is below 
the minimal impedance value or a preset minimal imped- 
ance value threshold, a decision is made at step 96. 
[0073] If the decision is in the affirmative, then the con- 
trol module 14 assumes that a tissue reactance has not 
occurred and the reading is disregarded at step 94, and 
operation is continued with the energy regulated at the 
electrosurgical stage output 20 and being output at an 
energy level that is a low power initial pulse of RF energy 
for sensing the properties at the surgical site "B" at step 
90. 

[0074] If the level is between the preset maximum im- 
pedance value threshold and the preset minimum imped- 
ance value threshold then operation continued to step 
98 and the sensor module 18 senses parameters includ- 
ing impedance and the control module 14 continually 
processes sensed properties at step 98. The control then 
passes to step 100 to continually generate a power sup- 
ply control signal and RF output in accordance, for ex- 
ample, with a predetermined curve based on power, im- 
pedance, current voltage, etc. 

[0075] Referring now to another logic flow diagram as 
Fig. 6, the algorithm also has an energy control mode 
that supplies energy to the applicator or electrode to pre- 
vent vaporizing the fluids in the tissue. Referring now to 
Fig. 6, step 1 02 indicates to apply a low power initial pulse 
of RF energy to the tissue. Parameters are detected by 
the sensor module 18, and the control module 14 deter- 
mines the tissue impedance or another parameter from 
the sensed parameters in step 104. Here, a reliable pa- 
rameter may be stored in memory. Thereafter, control 
will pass to decision block 106. 

[0076] At decision block 1 06, a decision is made as to 
whether the tissue reacts in response to the RF energy 
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received. If so, the algorithm provides for an energy con- 
trol mode to avoid any "pop" effect by the electrode ap- 
plying RF energy to the tissue. The reaction is defined 
by a specified increase in impedance above a minimum 
value reached previously. The specified increase in im- 5 
pedance is loaded by the control module 14 based on 
tissue type and/or properties as well as electrosurgical 
instruments being utilized. The minimum value reached 
previously is obtained by the control module 14 by ac- 
cessing a stored map of continuous values, or alterna- 
tively, of a table or equivalent. If the tissue does react by 
indicating that the impedance is a specified increase 
above the minimum value reached previously, the elec- 
trosurgical generator 12 passes control to step 108 and 
the generator enters an energy control mode. If the tissue 
does not react at step 1 06, the control passes to step 1 1 0. 
[0077] At step 110, another decision is made as to 
whether the tissue reacts in response to the RF energy 
received. Here, the tissue reaction is defined by a spec- 
ified drop or decrease in impedance below a set value 
for a period of time does not occur. The control module 
14 assumes that if by this specified drop or decrease in 
impedance below a set value for a period of time at step 
110 occurs then the reaction event is not stable. The 
control module 14 then assumes that the tissue has not 
reacted. The minimum value reached may be any sub- 
stantially low impedance value or range of values that 
are complementary to indicate that no tissue reaction oc- 
curs such as 10 to 20 Ohms. If the tissue does react by 
indicating that the impedance is above the minimum set 
value to indicate that the tissue reacts, the electrosurgical 
generator 12 passes control to step 108 and the gener- 
ator enters the energy control mode. If the tissue does 
not react at step 110, the control will pass to step 102. 
Optionally, the control module 14 may further have a tim- 
er. The timer may provide the control module 14 with a 
function that once a preset amount of time elapses with- 
out any tissue reactance during the time interval, control 
passes to step 1 02. 

[0078] The energy control mode is utilized to reduce 
vaporization of the liquid or fluid in the tissue. RF energy 
supplied by the electrosurgical output stage 20 will be 
controlled in a predetermined fashion to reduce vapori- 
zation. The output of the electrosurgical output stage 20 
at the energy control mode may match or be complemen- 
tary to an actual tissue impedance that is monitored by 
the sensor module 18 or may match to a preset amount 
or a preset slope of a change of an observed impedance 
per unit time. The preset amount in the energy control 
mode at step 108 is impedance that has a preset slope 
trajectory with time. The preset amount per unit time may 
be stored in a memory or a recorded medium or may be 
input or loaded into the system 1 0 using the user interface 
16. 

[0079] The preset amount has a preset slope trajectory 
that is accessed from a database or is input using the 
user interface 1 6 or is the integral of impedance over time 
(dz/dt) at step 112. The control module 14 thus adjusts 



the output of the electrosurgical output 20 and/or the pow- 
er from the power supply 22 to match the preset slope 
trajectory at step 1 12 to modulate the RF energy output 
from the electrosurgical output 20 at the outset or initial 
conditions of operation. Control will then pass back to 
step 1 04 to determine the tissue impedance at step 1 04 
at a subsequent time. 

[0080] Referring now to Fig. 7, there is shown a block 
diagram of another embodiment of the control module 
14 having two control loops or an inner loop and an outer 
loop. The terms "inner" and "outer" form no spatial limi- 
tations to the control module 14 and are simply to distin- 
guish between modules of the control module. The inner 
loop is controlled by an inner loop control module 114 
and the outer loop is controlled by a second outer loop 
control module 116. Both are software modules that are 
controlled by a processor or other suitable analog circuit 
of the control module 14. Both the inner control module 
and the outer control module receive signals from the 
sensor module 18 as is known in the art. The inner loop 
control module 114 controls one or more parameters and 
controls a variable of the generator. 
[0081] The inner loop control module 1 14 continually 
receives real time signals or sensed values from the sen- 
sor module 18. The inner loop control module 114 also 
has a map of continuous values 118. The inner loop con- 
trol module 114 consults with the map 118. The inner 
loop control module 1 1 4 obtains a desired inner loop val- 
ue for the impedance or other parameter currently being 
sensed and derived by the signal being output by the 
sensor module 18. The inner loop control module 114 
uses an algorithm to compare real time sensed values 
to the desired inner loop values and then outputs a control 
signal to the electrosurgical output stage 20. The control 
signal may control one or more parameters of the elec- 
trosurgical generator 10 such as for example current, 
power, voltage, duty cycle, frequency, waveform shape 
and other parameters. 

[0082] The outer loop control module 116 is layered 
over the inner loop control module 114 and provides for 
an additional control of a variable for reaching a desired 
output value or effect. The outer loop control module 1 1 6 
continually receives sensed values, such as current, volt- 
age and temperature from the sensor module 18 at a 
time (t seconds), (t+1 seconds), (t+2 seconds), (t+3 sec- 
onds) for a predetermined amount of time etc. The outer 
loop control module 116 then performs calculations of 
the sensed values and stores the values. 
[0083] The stored values include a value for a change 
in impedance (dz/dt) that is obtained in accordance with: 
dz/dt =(z x z(old)) / (t x t(old)), wherein Z is impedance 
measure at time t, and wherein Z(old) is a previous im- 
pedance reading being measured at time t(old). 
[0084] The outer loop desired value for a control value 
is obtained by accessing a stored map of continuous val- 
ues shown as reference numeral 120. The map 120 
stores a desired rage of parameters including a change 
in impedance per unit time. The desired rate of a change 
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in impedance per unit time or dz/dt is stored in the map 
120, may be constant, or may depend on a stage of the 
tissue seal cycle or may change over time. One skilled 
in the art should appreciate that the tissue is in a dynamic 
state during a surgical procedure and the outer control 
module 116 monitors a rate of change throughout the 
procedure, and stores such a change in map 120. 
[0085] The outer loop control module 1 1 6 compares a 
real time sensed value of a rate of change in the imped- 
ance at time (t) to the respective desired value at time (t) 
obtained from the map 120. The outer loop control mod- 
ule 1 16 then determines if a desired outer value is met. 
If not met the control module 1 1 6 determines the ratio of 
a difference between the real time value and the desired 
outer value to the desired outer value. 
[0086] If the desired outer value is not met, the outer 
loop control module 1 1 6 then generates a set point value. 
The set point value is provided to the inner loop control 
module 114. The set point value may be raised when the 
real time value for the rate of change of impedance is 
lower than desired. The set point value may be a ratio 
signal. The ratio signal is applied to the control signal or 
for altering the inner map 118 by raising or lowering a 
plotted curve of the inner map along a Y axis to form an 
altered inner map value. 

[0087] The ratio signal is a proportional integral deriv- 
ative control signal as is known in the art as (PID). The 
inner loop control module 114 reacts instantaneously and 
accesses the altered inner map values or series of inner 
mapped values. The inner loop control module 1 14 ob- 
tains a desired inner value from the outer loop and makes 
a comparison. The comparison is between the real time 
value of the control variable and the desired value. The 
inner control module then generates an RF command for 
the control variable without exceeding the desired inner 
value, and outputs the RF command to the electrosurgi- 
cal output stage 20 for controlling voltage, current and/or 
power needed for achieving a desired tissue effect. The 
outer loop control module 1 1 6 uses the real time value 
of rate of change of impedance, temperature, rate of 
change of temperature, and/or total energy delivered to 
determine if a desired outer value has been reached 
which indicates completion of a tissue seal. Upon deter- 
mination of seal completion, a stop signal is generated 
for stopping the sealing process. The outer loop contin- 
ues to monitor, receive and process sensed values from 
the senor module 18. 

[0088] A control of current, voltage and/or power by 
the inner loop control module 116 improves system sta- 
bility and control capabilities in low impedance ranges 
which are critical for seal initiation. Such low impedance 
ranges are about 0 to 20 ohms. The outer loop control 
module 1 1 6 enhances the control module's ability to con- 
trol sealing in accordance with desired trends or events, 
to change seal intensity by changing the rate of change 
of impedance, and to enhance uniform sealing of tissue, 
i.e., normalize tissue in terms of variability, including tis- 
sue hydration, volume and composition. 



[0089] With feedback control and continuous sensing 
of the tissue's condition, there is not a need to switch 
control variables (i.e., low/high end break points), which 
improves system stability as explained above. 

5 [0090] Referring now again to the energy control mode 
as shown as step 108 in Fig. 6, the outer loop control 
module 116 matches the impedance monitored to a pre- 
set slope trajectory by accessing a stored preset slope 
trajectory using values stored in map 120 as indicated 

10 by step 112 in Fig. 6. Thereafter, the outer loop control 
module 1 16 outputs the matched preset slope trajectory 
by generating a ratio signal to the inner loop control mod- 
ule 1 14. The ratio signal controls the RF signal using the 
matched preset slope trajectory. The outer loop control 

is module 116 then continues to determine the tissue im- 
pedance. A significant advantage of the present disclo- 
sure is that the control module 14 in this manner may 
continually adjust to changes in tissue conditions without 
any "pop" or vaporization of the fluid in the tissue. The' 

20 control system 10 can apply RF energy that is effectively 
controlled by one or more characteristics of the tissue 
rather than one or more program instructions that are 
independent of the characteristics of the tissue. 
[0091] When in energy control mode, the control sys- 

25 tern 1 0 will continuously monitor for a drop in impedance 
below a predetermined value over time, signifying the 
reaction was not stable. The delivered output power will 
continue to be adjusted in accordance with the slope tra- 
jectory. When the tissue impedance, however increases 

30 above a predetermined level, the impedance slope tra- 
jectory stored in map 1 20 is recalculated. Once the tissue 
impedance is sensed to increase above the predeter- 
mined level, the "y" axis of the map 120 is recalibrated. 
The zero-point of the graph in map 120 is aligned with 

35 the time point T (threshold point), i.e., the point in time 
where the impedance signal calculated by the inner loop 
control module 1 14 increases above the predetermined 
or threshold point. After a stable reaction point is identi- 
fied, the associated time that the impedance or signal 

40 passed through the threshold is recorded by the outer 
control module 116 in the map 120. This threshold time 
marks the initial slope trajectory point as the T (threshold 
point) in the map 1 20. The outer control module 1 1 6 then 
uses the initial slope trajectory point stored in the map 

4 5 1 20 to control the inner control module 1 1 4 and applies 
the ratio signal from that point onwards so that data pre- 
viously recorded from the initial slope trajectory point can 
be disregarded. 

[0092] Thereafter, this correction or reset can lead to 
50 a RF pulsing that is effectively controlled by the tissue 
rather than a preset software to avoid any vaporization 
of fluids in the tissue at the initial setting. It is envisioned 
that the present disclosure algorithm, system and method 
described herein can be used with both the monopolar 
55 and bipolar vessel sealing system or tissue fusion devic- 
es such as those described in commonly owned U.S. 
Patent Application Serial Nos. 10/460,926, 10/873,860 
and U.S. Provisional Serial No. 60/722,177. The entire 
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contents of all of which are herein incorporated by refer- 
ence in their entirety. 

[0093] It should be understood that the foregoing de- 
scription is only illustrative of the present disclosure. Var- 
ious alternatives and modifications can be devised by 
those skilled in the art without departing from the disclo- 
sure. Accordingly, the present disclosure is intended to 
embrace all such alternatives, modifications and varianc- 
es. The embodiments described with reference to the 
attached drawing figures are presented only to demon- 
strate certain examples of the disclosure. Other ele- 
ments, steps, methods and techniques that are ^sub- 
stantially different from those described above and/or in 
the appended claims are also intended to be within the 
scope of the disclosure. 



Claims 

1. A system for performing an electros urgica I proce- 
dure at a surgical site, the system comprising: 

a sensor configured to continually sense at least 
one of an electrical and physical property of tis- 
sue at a surgical site and to generate a sensor 
signal as a function thereof; and 
a control module configured to process the sen- 
sor signal using a processor, an algorithm, and 
a map having at least one predetermined value, 
the control module further configured to com- 
pare the sensor signal to a predetermined level 
to determine reliability of the sensor signal and 
to signal an electrosurgical generator in re- 
sponse to a reliable sensor signal such that the 
electrosurgical generator enters energy control 
mode, wherein the electrosurgical generator 
matches an output of the control signal with a 
predetermined value from the map. 

2. A system according to claim 1, wherein the control 
module compares the sensor signal to a predeter- 
mined level and determines the reliability of the sen- 
sor signal at an initial operation of the system. 

3. A system according to claim 1 , wherein at least one 
parameter of the map is recalculated based in part 
on a control signal derived from a reliable sensor 
signal. 

4. A system according to claim 1, wherein during the 
energy control mode the electrosurgical generator 
is configured to adjust a parameter selected from the 
group consisting of a voltage adjustment, a current 
adjustment, a pulse width adjustment, a pulse fre- 
quency adjustment, an amplitude adjustment, a 
crest factor adjustment, a duty cycle adjustment, a 
repetition rate adjustment, a waveform shape adjust- 
ment, and a wave adjustment. 



5. A system according to claim 1 , further comprising a 
user interface which is configured to allow a user to 
select a surgical parameter selected form the group 
consisting of a type of instrument being connected 

5 to the generator, a tissue type, and a desired surgical 
effect. 

6. A system according to claim 1 , wherein the control 
module determines an impedance from the sensor 

10 signal, and wherein the control module is configured 
to compare the impedance to a predetermined level 
to verify a tissue reactance, wherein once reactance 
is verified the control signal is configured to reference 
a stored value corresponding to the impedance from 

75 the map, and wherein the control module is config- 
ured to control the generator based in part on the 
stored value. 

7. A system according to claim 6, wherein the stored 
20 value is a preset slope trajectory of a change of the 

impedance per unit of time. 

8. A system according to claim 6, wherein the stored 
value is derived from past stored data recorded in a 

25 memory. 

9. A system according to claim 6, wherein the stored 
value is a change in impedance over time from the 
map. 

30 

10. A system according to claim 6, wherein if the imped- 
ance drops below a predetermined threshold over a 
predetermined period of time, the control module dis- 
regards the measured impedance, and the control 

35 module thereafter continues to sense whether the 
tissue reactance occurs. 

11. A system according to claim 6, wherein the control 
module disregards the impedance when no tissue 

40 reactance is determined. 

12. A system according to claim 1, wherein the sensor 
is selected from the group consisting of a voltage 
sensor, a current sensor, a temperature sensor, an 

45 RMS voltage sensor, an RMS current sensor, and a 
leakage current sensor. 

13. A method for performing an electrosurgical proce- 
dure at a surgical site on a patient, the method com- 

50 prising: 

continually sensing electrical and physical prop- 
erties of the surgical site and generating a sen- 
sor signal as a function thereof; 
55 processing the sensor signal using a processor, 

an algorithm, and a map having at least one val- 
ue to verify a reactance of tissue at the surgical 
site; and 
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entering an energy control mode, wherein the 
electrosurgical generator matches an output of 
the control signal with a value from the map, 
based on the determination of the reactance of 
tissue in the processing step. 

14. The method according claim 13, wherein the sensed 
electrical and physical properties of the surgical site 
of the continually sensing step are disregarded if no 
tissue reactance is verified at the surgical site. 

15. The method according claim 13, wherein the 
processing step further includes comparing the sen- 
sor signal to a predetermined level and determining 
a reliability of the sensor signal. 

16. A system comprising: 

a sensor configured to continually sense at least 
one of an electrical and physical property of the 
surgical site and to generate a sensor signal as 
a function thereof; and 

a control module configured to process the sen- 
sor signal using a processor, an algorithm, and 
a map having at least one value, the control mod- 
ule further configured to verify tissue reactance 
and to signal an electrosurgical generator based 
on the verification of tissue reactance such that 
the electrosurgical generator enters energy con- 
trol mode, the electrosurgical generator match- 
es an output of the control signal with a value 
from the map, wherein the control module is con- 
figured to recalculate the map when tissue im- 
pedance increases above a predetermined 
threshold and to signal the electrosurgical gen- 
erator to renter energy control mode. 

17. A system according to claim 16, wherein during the 
energy control mode the electrosurgical generator 
is configured to adjust a parameter selected from the 
group consisting of a voltage adjustment, a current 
adjustment, a pulse width adjustment, a pulse fre- 
quency adjustment, an amplitude adjustment, a 
crest factor adjustment, a duty cycle adjustment, a 
repetition rate adjustment, a waveform shape adjust- 
ment, and a wave adjustment. 

18. A system according to claim 16, further comprising 
a user interface which is configured to allow a user 
to select a surgical parameter selected form the 
group consisting of a type of instrument being con- 
nected to the generator, a tissue type, and a desired 
surgical effect. 

19. A system according to claim 16, wherein the control 
module determines an impedance from the sensor 
signal, and wherein the control module is configured 
to compare the impedance to a predetermined level 



to verified a tissue reactance, wherein once reac- 
tance is verified the control signal is configured to 
reference a stored value corresponding to the im- 
pedance from the map, and wherein the control mod- 
5 ule is configured to control the generator based in 
part on the value. 

20. A system according to claim 19, wherein if the im- 
pedance drops below a predetermined threshold 
10 overa predetermined period of time, the control mod- 
ule disregards the measured impedance, and the 
control module thereafter continues to sense wheth- 
er tissue reactance occurs. 
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